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TLR7/MyD88-independent effects of Imi in the skin. Western blot analysis of primary keratinocytes (KCs) isolated from (A) C57BL/6 (WT), (B) Tlr7–/–, 
and (C) Myd88–/– mice treated with 12 μg/ml Imi or LAL reagent water (control) for the indicated time points. Results are representative of at least 
3 independent batches. White lines indicate that samples were run on the same gel but were noncontiguous. (D) Flow cytometric analysis showing 
annexin V+ cells in primary keratinocyte cultures stimulated with Imi (12 μg/ml) or LAL water for 40 hours (n = 3–4 per group). (E) Apoptosis was 
measured by active (act.) caspase-3 staining of epidermal sheets from ears of WT, Tlr7–/–, and Myd88–/– mice treated topically with Imi for 7 days or 
left untreated (Co). Caspase-3+ cells were counted in 10 randomly chosen fields of at least 3 independent samples. *P < 0.05, **P < 0.005.
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TLR7/MyD88-dependent effects of Imi in the skin. (A–C) Mouse back skin was treated topically for 24 hours with Imi or left untreated. IL-1β, IL-6, 
TNF-α, or CCL2 levels were measured in protein lysates of (A) epidermis and (B and C) dermis by ELISA. (D) BM-derived mast cells (BMMCs) 
were stimulated with Imi (12 μg/ml) for 20 hours, and CCL2 was measured in supernatants by ELISA. (E and F) Histograms showing the per-
centage of pDCs (E, B220+Ly6C+CD11b–; F, mPDCA1+B220+Gr-1+) among total DCs (CD45+CD11c+) in the dermis of (E) WT and Ccl2–/– and 
(F) Tlr7–/– and Myd88–/– mice after 7 days of topical Imi treatment. (G) Graph depicting the percentage of infiltrating immune cells in the dermis 
of mice after 7 days of topical Imi treatment. *P < 0.05.
Figure 3
The antitumor effect of Imi depends on the presence of TLR7 and MyD88 on BM cells. (A–C) Graphs showing the kinetics of tumor growth in 
(A) C57BL/6 (WT), (B) Tlr7–/–, and (C) Myd88–/– mice measured at the indicated time points after Imi treatment (n = 10–14 per group). (D) FACS 
analysis showing the percentage of pDCs (CD45+CD11c+B220+CD11b–) present in melanomas 3 days after Imi treatment. (E and F) Relative 
tumor volume in BM chimeras of the indicated genotypes after Imi treatment. C57BL/6 (WT) and Tlr7–/– mice were lethally irradiated and recon-
stituted intravenously with BM cells of the indicated genotypes. After 12 weeks, reconstituted mice were injected intradermally with B16-F10 
melanoma cells, and tumors treated with Imi or left untreated (n = 7–11 per group). *P < 0.05, **P < 0.005.
Downloaded on October 17, 2013.   The Journal of Clinical Investigation.   More information at  www.jci.org/articles/view/61034
research article




























































Adaptive immune cells are not required for the tumoricidal effect of Imi. (A and B) Graphs showing the relative tumor volume of (A) M3 
melanomas intradermally induced in Foxn1nu mice (nu/nu mice) and (B) B16-F10 melanomas induced in Rag2–/– and Rag2+/– mice as controls 
(n = 11–13 per group). (C–E) Relative tumor volume of M3 melanoma–bearing mice depleted of (C) NK cells by injection of anti-NK–specific 
antibodies (clone Asialo GM1); (D) CD4+ cells by anti-CD4 antibody injection (clone GK1.5); or (E) CD8α+ cells by anti-CD8α antibody injection 
(clone 53.6.7) before starting treatment with Imi (n = 8–9 per group). Untreated DBA/2 (WT) mice were used as controls. depl., depletion. (F) 
The percentage of CD8α+ pDCs (CD11b–B220+) gated from CD45+CD11c+ cells present in melanomas of mice depleted of CD8α+ cells 3 days 
after starting Imi treatment. *P < 0.05, **P < 0.005, ***P < 0.0005.
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pDCs are responsible for the tumoricidal effect of Imi. (A) Graph demonstrating the absence of pDCs (CD11c+B220+SiglecH+) in spleen and 
tumor draining lymph nodes of Bdca2-DTR mice depleted of pDCs by DT injection (+DT). Control (not pDC-depleted) mice were injected with 
PBS. (B) Relative tumor growth in pDC-depleted mice treated with Imi. Bdca2-DTR transgenic mice were depleted of pDCs prior to intrader-
mal injection of B16-F10 cells (n = 5–7 per group). (C and D) FACS analysis showing the percentage of monocytes/neutrophils (CD11b+), 
CD4+ T cells (CD3+CD4+), CD8α+ T cells (CD3+CD8α+), and NK cells (NK1.1+) in (C) tumor-draining lymph nodes and (D) tumor-infiltrating 
CD8α+ DCs in Bdca2-DTR mice treated as indicated. (E) Quantification of the active caspase-3–positive area (μm2 per mm2 of tumors) in 
tumor tissue of WT (n = 7–8 per group), pDC-depleted (pDCs depl.) (n = 8–9), and Tlr7–/– (n = 3) mice treated with Imi or left untreated. The 
active caspase-3+ area was analyzed in 10 randomly chosen fields of at least 3 independent samples. *P < 0.05, **P < 0.005.
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(Figure  8G),  presumably  because  there  was  no  significant 
recruitment of pDCs into tumor tissue (Figure 8H). Our results 
Figure 6
Imi-stimulated pDCs can directly kill tumor cells. (A and B) Killing assays measuring the percentage of lysis of B16-F10 melanoma cells occur-
ring in pDCs that had been either (A) FACS sorted or (B) IMag sorted from Flt3L BM cultures of (A) WT and (B) Tlr7–/– mice and stimulated with 
Imi (2.5 μg/ml) for 16 hours. pDCs were cocultured with B16-F10 melanoma cells at indicated E/T ratios for 20 hours. (C) The killing assay was 
performed with the supernatant (sup) of the pDCs shown in B. (D) Type I IFN levels were determined by stimulating the IFN-luciferase reporter 
cell line LL171 (50) with supernatants of WT or Tlr7–/– pDCs triggered with Imi for 16 hours. (E) FACS analysis showing representative staining 
with anti-IFNAR1 antibodies (αIFNAR1) or isotype control (Co) rat IgG1 on B16-F10 cells. *P < 0.05, **P < 0.005, ***P < 0.0005.
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pDCs kill tumor cells via TRAIL and granzyme B. (A and B) qRT-PCR analysis for (A) Trail and (B) granzyme B (Gzmb) expression in IMag-
sorted pDCs from Flt3L BM cultures of WT, Ifnar1–/–, and Tlr7–/– mice stimulated for 6 hours with Imi (2.5 μg/ml). (C) FACS analysis showing DR5 
expression on B16-F10 melanoma cells. (D–G) Killing assays performed with B16-F10 melanoma cells cocultured with (D and F) IMag-sorted 
pDCs from Flt3L cultures or (E and G) supernatants thereof previously treated with (D and E) 1 μg/ml CMA and 2.5 μg/ml Imi for 16 hours or with 
(F and G) anti-TRAIL antibody (αTRAIL) (25 μg/ml) for 2 hours and further stimulated with Imi (2.5 μg/ml) for 16 hours. Cytolytic assays were 
performed at a E/T ratio of 10:1. *P < 0.05, **P < 0.005, ***P < 0.0005.
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pDCs require IFNAR1 signaling for their cytotoxic activity. (A and B) Killing assay performed with B16-F10 melanoma cells cocultured with (A) 
IMag-sorted WT or Ifnar1–/– pDCs or (B) supernatants thereof. (C) Killing assay with pDCs pretreated with anti-IFNAR1 antibody (25 μg/ml) and 
simulated with Imi for 16 hours before coculturing with B16-F10 cells. Cytolytic assays were performed at a E/T ratio of 10:1. (D) Type I IFN 
levels were analyzed by culturing the IFN-luciferase reporter cell line LL171 with supernatants of WT or Ifnar1–/– pDCs that had been stimulated 
with Imi for 16 hours. (E) CCL2 levels measured in dermal protein lysates by ELISA after WT and Ifnar1–/– mouse back skin was treated for 
24 hours with Imi or left untreated. (F) Graph showing the percentage of B220+Ly6C+CD11b– pDCs among total CD45+CD11c+ DCs in the der-
mis after 7 days of topical Imi treatment. (G) Growth of intradermally injected B16-F10 melanomas in WT and Ifnar1–/– mice after Imi treatment 
(n = 8–9 mice per group). (H) FACS analysis showing the percentage of pDCs (CD45+CD11c+B220+CD11b–) infiltrating into melanomas shown 
in G on day 3. *P < 0.05, **P < 0.005, ***P < 0.0005.
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Mechanism of Imi-mediated tumor cell killing by pDCs. Topical Imi 
treatment leads to increased apoptosis in keratinocytes independently 
of TLR7 and MyD88. Dermal mast cells secrete CCL2 after Imi stimu-
lation in a TLR7/MyD88- and IFNAR1-dependent manner, resulting 
in skin inflammation and recruitment of pDCs to the treated sites. Imi-
activated pDCs produce high amounts of type I IFNs, which act in an 
autocrine manner on pDCs to upregulate cytolytic molecules like gran-
zyme B (Gzmb) and TRAIL via IFNAR1 signaling, thereby transforming 
pDCs into a subset of killer DCs able to directly eliminate tumor cells.
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